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AmericanSociety of Mechanical Engineers (ASME), Boiler and Pressure Vessel Code Committee takes a 
flexible approach to the review, revision, and code issue for these new grades of steels, based on the latest 
research results and technical information.  The users of codes and standards generally have access only to the 
content of documents pertaining to revision and issue, however, with little opportunity to know about the 
background behind reconsideration or the technical basis for revision.  Accordingly, the following paper 
discusses recent status in such reconsideration and revision of ASME Code for CSEF steels, as well as 
introducing some important technical- and research-related issues in conjunction with the actual use of these 
steels. 
2. Structure of ASME code committees involved with materials  
The CSEF steels referred by ASME Code Committee to be considered here are those shown in the enclosed 
area of Fig. 1 [1], which indicates boiler steels that have been developed since 1980, defined in ASME Code 
Section IX, QW/QB-492. At present, these consist of the 9%Cr steels Gr.91, Gr.92, and Gr911, the 12%Cr 
steel Gr.122, and the 2.25%Cr steels Gr.23 and Gr.24.  Gr.91 has been developed in the US, Gr.911 and Gr.24 
been developed in Europe, while the other four steels have been developed in Japan. 
 
 
Fig.1. Development progress of boiler steels and CSEF steels. 
As these steels may be used not only for applications covered by Section I: Power Boilers, but also for those 
associated with Section III: Nuclear and Section VIII: Pressure Vessels, their construction codes are also 
discussed by the corresponding committees.  It should be noted in particular that the BPV Committee on Power 
Boilers (I) Sub-group on Fabrication and Examination (SG-FE) is involved in discussion on issues related to 
fabrication technology.  Also, issues related to welding (Section IX: Welding & Brazing Qualifications) are 
taken up by Section IX and related committees.  Furthermore, the B31.1: Power Piping and B31.3: Process 
Piping committees are involved in design codes concerning piping and fabrication, and relevant aspects are 
discussed there as well.  Power piping refers to piping from power boilers through to turbines, while process 
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piping is used in petrochemical equipment.  However, it is the BPV II, Committee on Materials is responsible 
for creating and recommending proposals for materials-related codes and standards (Section II: Materials).  The 
main functions of this committee are the development of materials specification for chemical composition, heat 
treatment, etc., and the determination of allowable stresses used in design codes. 
The SG-SFA (Strength of Ferrous Alloys) and SG-SW (Strength of Weldments) are standing sub-tier 
committees of the BPV Committee on Materials (II), the former working to develop specifications and 
allowable stresses for new materials, and the latter serving to determine issues such as the acceptability of 
materials utilization for welded structures, welding methods, and welding materials.  In addition, due to the 
experiences with materials issues on CSEF steels in the context of material manufacturing, fabrication and 
service since around 2000, the Task-group on Creep Strength Enhanced Ferritic Steels (TG-CSEF Steels) was 
established within the BPV Committee on Materials (II).  Given the relatively large number of problems 
experienced due to chemical compositions not specified by codes, as well as inappropriate fabrication and heat 
treatment, it was considered that various aspects of the codes should be reconsidered. 
3. State of consideration with respect to CSEF steels 
3.1. Allowable stresses 
The first CSEF steel to be included in ASME Code is Gr.91.  This grade was originally specified in 1983 as 
Code Case [CC] 1943 (Tubing), and then in 1985 as CC 1973 (Piping, Forging and Plates).  Upon subsequent 
acquisition of long-term creep rupture data, it became apparent that 100,000h strength (used to determine 
allowable stress) was lower than the originally extrapolated value, and re-evaluation was undertaken after 
obtaining additional creep rupture data from around the world.  As a result, in 1993 the allowable stress at 
1100F (593 ) for this steel with thickness of 3in and above was revised downward from 10.3ksi (71.5MPa) to 
9.6ksi (66.9MPa). 
The allowable stresses for Gr.92 and Gr.122 were developed in 1994 as CC 2179 and CC 2180, 
respectively[2].  At the time, the longest creep rupture data available was approximately 40,000h, and using the 
Larson-Miller parameter to extrapolate, it was considered that the best-fit parameter constant would be 36.  
However, sparked by a steam leaking incident due to Type IV creep failure in heat affected zone of welds 
occurring in 2004 in Japan, involving a longitudinal seam-weld hot reheat steam pipes made of Gr. 122, 
reconsideration of the extrapolated 100,000h creep rupture strength was undertaken by the Japanese technical 
community supported by METI.  The result was to substantially downgrade the allowable stresses for both 
Gr.92 and Gr.122.  The Larson-Miller parametric method was again used for extrapolation, but it was 
recognized that it was erroneous to represent the short-term (high stress) and the long-term (low stress) sides of 
the stress-time to rupture curve as being continuous, i.e., analyzing all the data together.  Instead, splitting of 
the data set was used for analysis in accordance with stress (half value of 0.2 proof stress3)), and 100,000h 
strength was estimated.  It was thus deemed that only the low stress data set should be used to determine 
100,000h strength, and furthermore that the optimal value for the parameter constant with respect to the entire 
data set was 24.8 [3], considerably lower than the original value of 36 for all data set.  Based on the situation in 
Japan, as well as re-evaluation results from Europe, ASME Code committees undertook their own 
reconsideration of allowable stresses for previously issued CC 2179 and CC 2180.  While the approach was 
similar in terms of using the Larson-Miller parameter, the ASME method differed in various respects, including 
the handling of data set and the exclusion of short-term data from the analysis.  Nevertheless, the end result was 
to lower the allowable stresses incorporated in the ASME Code to a similar extent, and currently the allowable 
stress values are set at approximately the same levels in the three area of activity for these steels, namely Japan, 
the US, and Europe.  Fig. 2 presents the allowable stress values with respect to temperature for the three grades 
by the ASME Code committees before and after the changes.  Because the design factor with respect to tensile 
strength was changed from 4.0 to 3.5 in the ASME Code in 2001, the allowable stress value as determined by 
tensile strength increased, but the values determined by creep strength decreased substantially.  This decline 
was greatest for Gr.122, although Gr.92 was also subject to considerable reduction.  Analysis was undertaken 
for Gr.91 as well, taking into account the new data that had become available, but reduction in allowable stress 
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in the case of Gr.91 was limited to within 5%, and it was therefore deemed that implementation of a new 
change was unnecessary for this grade.  At present, then, the 1100F (593 ) value established (i.e., lowered) in 
1993 still stands. 
Similar consideration was given to the allowable stress for Gr.23, and, although it was recognized that the 
creep rupture data tends to decline steeply beyond 600 , no conclusion has been reached as to whether this is 
due to a) increased stress caused by thinning of specimen due to oxidation during creep test, or b) structural 
degradation.  Accordingly, re-evaluation of the allowable stress value has been placed on hold by the ASME 
Code committees. 
 
Fig.2. Evolution of Gr. 91, 92 122 ASME maximum allowable stresses. 
3.2. Chemical composition 
Modified 9Cr-1Mo steel was originally developed by Timken of the US, and was subsequently adopted as a 
candidate heat exchanger material for fast breeder reactors by the former Combustion Engineering (later 
ABBCE, and currently Alstom).  The latter subjected over 30 heats to various tests, and the initial chemical 
composition objective for an improved version was finalized in 1977.  Testing was continued thereafter by the 
Oak Ridge National Laboratory (ORNL), and new specifications and chemical composition value were 
established in the early 1980s following further optimization as ASME Code designation Gr.91.  Fig. 3 [4]  
 
Fig.3. Original optimum chemical compositional window for Gr.91 by ORNL. 
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Table 1. Chemical composition changes for Gr.91 with specifications. 
Element CE-Aim(1977) ORNL 
Target(~1980) 
ORNL Range 
(1984) 
ASTM Spec 
(198×) 
ASTM Spec 
(2006) 
Future 
Considerations 
C 0.09 0.10 0.08-0.12 0.08-0.12 0.08-0.12  
Mn 0.4 0.40 0.30-0.50 0.30-0.60 0.30-0.60  
Si 0.1 0.20 0.20-0.50 0.20-0.50 0.20-0.50  
P  <0.01 0.02max 0.02max 0.02max  
S  <0.01 0.01max 0.010max 0.010max  
Cr 9 8.5 8.0-9.0 8.00-9.50 8.00-9.50 8.50-9.?? 
Ni 0.1 <0.10 0.2max 0.40max 0.40max 0.20max ? 
Mo 1 0.95 0.85-1.05 0.85-1.05 0.85-1.05  
Cu  <0.10 0.2max   ? 
V 0.2 0.21 0.18-0.25 0.18-0.25 0.18-0.25  
Nb 0.12 0.08 0.06-0.10 0.06-0.10 0.06-0.10  
N 0.05 0.05 0.03-0.07 0.03-0.07 0.03-0.07  
Al As low as 
possible 
<0.02 0.04max 0.04max 0.02max  
Ti 0.02 <0.01 0.01max  0.01max ? 
B 0.004 <0.001 <0.001    
W  <0.01 <0.01    
Zr 0.004 <0.01 <0.01  0.01max ? 
O  <0.02 <0.02    
Sb  <0.001 <0.001    
 
 
Fig. 4. Thermodynamic calculations of two extreme Gr. 91 compositions and microstructures. 
presents the optimal range for Cr equivalent and the amount of C+N as proposed by ORNL, with the symbol 
“ ” representing the composition area in which the best properties were to be expected from the standpoints of 
creep strength, ductility, and toughness.  After abandonment of development work on fast breeder reactors in 
the US, ASTM and ASME standardization was pursued for use of the material in power boiler and pressure 
vessel, and the chemical specifications were considered with input from the material manufacturer.  As a result, 
the amount of Ni, which had been limited in the ORNL proposal to 0.2% from the standpoint of creep strength, 
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was raised to 0.4% for improved manufacturability, and the range for the amount of Cr was also expanded.  
Then, following creep failure incidents affecting a header weldment using Gr.91 in UK plant in 2000, it was 
clarified that the alloying element N is captured by the impurity element Al, thus reducing creep strength [5].  
Accordingly, limits on elements with a strong affinity for N were discussed, and, as indicated in Table 1, 
showing the transition of the chemical composition, maximum content on Al, Ti, and Zr were changed (or 
introduced) in the ASME Code in 2006.  The deleterious effects of nitride-forming elements were recognized at 
the time of development, but were not reflected in the specification.  At present, a reduction in the maximum of 
Ni to be 0.3% and an increase of the minimum of Cr to be 8.50% are being proposed to be approved in order to 
prevent reduction of the Ac1 temperature.  Fig. 4 [6] indicates the microstructures of Gr.91 at extreme ends of 
the previous chemical specification range, which were calculated to obtain the thermodynamic phase 
equilibrium and manufactured.  The results suggest extremely unsuitable structures manifested on the one hand 
in an abnormally low Ac1 transformation temperature, and on the other (with a high Cr equivalent) in the stable 
formation of a large amount of į-ferrite.  It should be noted that limits on elements having strong N affinity 
have been applied to revised chemical composition specifications for not only Gr.91, but also for Gr.92 and 
Gr.122, which obtain enhanced creep strength from the same mechanism. 
Gr.23 is a 2.25Cr-0.1Mo-1.6W-V-Nb-B low-alloy steel [7] developed in Japan in the early 1990s, and this 
CSEF steel exhibits a tempered bainite structure.  The creep strength of this steel is comparable to that of Gr.91 
up to approx. 580 , and is about double that of conventional 2.25Cr-1Mo steel (Gr.22).  Given its economic 
merit, it is currently widely used throughout the world for superheater and reheater tubing, piping, water wall 
tubes, etc. in power boilers as well as heat recovery steam generators.  The chemical composition of this 
material is characterized by low C, low N, low Mo, and the addition of W and B, along with the addition of 
around 0.01% Ti for the prevention of stress relief cracking.  Although Ti was not originally specified in the 
CC 2199 for this steel, any substantial addition would be undesirable from the standpoint of toughness and 
ductility.  On the other hand, while this steel essentially has a full tempered bainite structure, creep strength has 
been confirmed to be sufficient when the cooling rate is at least 0.1 /sec, even in the presence of a small 
amount of ferrite [8].  Quenching properties are achieved through the addition and effective amount of B, with 
the desired structure and strength thus obtained.  However, problems was experienced with this steel in when 
manufactured in according to the ASME specification (CC 2199-3), but without quenching, leading to the 
formation of large amounts of ferrite after normalizing.  Accordingly, reconsideration was discussed, as a result 
of concern expressed by a manufacturer that satisfactory material may not be obtainable with the previous 
specification (CC 2199-3).  The opinion of some manufacturers is that, in order to secure sufficient quenching 
properties, Ti should be used to fix the N needed to increase the amount of solute B that is effective in 
achieving quenching properties through the prevention of BN formation.  It was accordingly proposed that a 
substantial amount of Ti be added, that the amount of Ti be newly specified within the chemical composition 
range, and that the ratio of Ti to N be set so as to above a certain level (3.5).  However, the data originally used 
to set the allowable stress of this steel does not include a large amount of Ti, and the above-noted opinion is in 
contradiction to the original development, where the material has been successfully manufactured within the 
compositional range of the current specification.  The result of this discussion was a compromise modification 
in April 2009.  That is, the range of Ti was set at 0.005~0.060%, wide enough to encompass both low- and 
high-Ti steels, while the Ti/N ratio was established as being at least 3.5, and also allowing this ratio to be below 
3.5 provided that the material have a minimum hardness of 275 HV in the hardened condition, defined as after 
austenitizing and cooling to room temperature but prior to tempering (CC 2199-4). 
3.3. Heat treatment 
As can be understood from the definition of CSEF steels, the elevated temperature strength of these 
materials is greatly influenced by heat treatment (including normalizing and tempering).  Generally, with 
respect to heat treatment conditions, only the minimum temperature is specified in the codes and standards.  
However, the creep strength of these steels decreases considerably when heated inappropriately during 
manufacturing or fabrication, and there have been reports of premature failure during service [9].  Accordingly, 
consideration was given to the setting of a maximum temperature for normalizing and tempering.  As a result, 
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for all of the materials except Gr.911 (for which the temperature range had already been established), the 
normalizing temperature range was set at 1040~1180 , and the tempering temperature range was set at 
730~800 .  It should be noted that the maximum temperatures are not the targeted temperatures, but rather 
maximum temperature specified that may not be exceeded.  In normalizing and post weld heat treatment, it is 
important that the maximum temperature not exceed the Ac1 temperature, and care is especially needed in the 
case of welding materials due to the addition of Ni and Mn for improved toughness in weld metal, resulting in a 
substantial reduction in the Ac1 transformation point. 
The investigation results [10] on the certificate material test reports indicate that the A1 transformation 
temperature is below 800  for several heats.  Fig. 5 [10] shows the relationship between Ni+Mn and the Ac1 
temperature for CSEF steels, and it can be seen that there is considerable variation in the Ac1 temperature 
within the specified chemistry range.  Consequently, unless composition is properly taken into consideration, 
inappropriate heating during post-weld or other heating cycles will cause major degradation of material 
properties.  As mentioned in previous discussion of chemical composition, compositional revisions have been 
proposed to the relevant ASME Code committees so as to ensure that the A1 transformation temperature does 
not go under 800 .  Specifically, these include reducing the maximum content of Ni, raising the minimum 
content of Cr, and restricting the amounts of Ni+Mn and Cr+Si.  Section I, Table PW-39 in ASME Code 2010 
edition indicates new rules for P-No. 15E group No.1 (CSEF steels) so as to categorize maximum post weld 
heat treatment temperature according to the 1.0% of Ni+Mn keeping the maximum content of Ni+Mn below 
1.5%.  The establishment of the maximum holding temperature of 800  for tempering was undertaken due to 
the following reason.  That is, as indicated in Fig. 6 [11], even in a temperature range for Gr.91 that is 35  
below the Ac1 temperature, partial phase transformation takes place, and significant softening occurs due to the 
formation of ferrite structure during cooling.  This softening induces substantial reduction in creep strength, 
leading to an extremely dangerous material condition. 
In manufacturing processes for high-temperature components using CSEF steels, countermeasures for 
inappropriate heating in excess of the above-noted temperature range are designated in the form of the PG-5.6 
P-No. 15E, Group 1 Materials in Section 1.  According to these rules for mitigation, when the maximum 
temperature (800 ) is exceeded during fabrication (including any phase, not limited to post weld heat 
treatment), (1) the entire component including relevant portions is to be reaustenitized and tempered in 
accordance with the specification requirements; (2) the relevant portion of the component heated above 800  
are to be replaced or removed, reaustenitized and tempered, and then replaced in the component; (3) after 
appropriate tempering, the allowable stress is to be reduced to that of Gr.9 (9Cr-1Mo steel) for subsequent use; 
and (4) in cases including weldments, additional requirements are to be applied. 
 
 
Fig. 5. Effect of composition within the specification range on A1 temperature of CSEF Steels. 
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Fig. 6. Transformation to ferrite in Gr. 91 and creep strength reduction. 
3.4. Weld joint strength reduction factors 
It has been generally recognized that the creep rupture strength of welded joints is lower than that of the 
base material.  However, the properties of welded joints have been deemed to be acceptable when weld quality 
test results (tensile test and bend test, as specified in Section IX) are satisfied the specification at room 
temperature.  With only a few exceptions such as nuclear code (Section III: Nuclear, Sub-section NH) and 
piping code (B31.3: Process Piping), no particular requirements for creep strength of weldment are existed. 
As highlighted by a series of creep failure involving CrMo steel longitudinal seam-weld pipe in the US 
during the 1980s to 90s, it has been recognized for some time that the creep strength in welds is lower than base 
metal, and that creep damage tends to accumulate in welds.  By the time of these failure experiences, however, 
there was already little use of longitudinal seam-weld pipe, and the relevant codes were not reconsidered.  
Currently, the weld joint strength reduction factors for austenitic steels listed in Section III, Subsection NH is 
dependent upon the creep rupture test results for the weld metal, and for the welded joints for Gr.91, although 
strength reduction in the heat-affected zone (HAZ) so-called Type IV failure is not necessarily taken into 
account.  For all five materials in Subsection NH, including Gr.91, weld joint strength reduction factors have 
been established up to 100,000h.  However, the factor for Gr.91 is based on data obtained prior to full 
recognition of HAZ Type IV failure in CSEF steels, thus posing a safety issue, and there is ongoing concern 
over the strength of longitudinal seam-weld pipe used in the creep temperature region.  That is, the HAZ creep 
strength reduction behavior in CSEF steels was not sufficiently understood, and steam leaking due to Type IV 
failure had occurred in Japan involving through-wall crack in longitudinal seam-weld hot reheat pipe made 
from Gr.122.  As had been numerous reports of creep damage in welds of CSEF steels in various countries, the 
relevant ASME Code committees discussed the development of weld joint strength reduction factors for 
longitudinal seam welds.  This discussion was undertaken from a variety of standpoints.  First, from a design 
perspective, the basic idea was that the minimum of the creep temperature region should be 25  lower than 
the temperature for which the allowable stress is governed by the creep strength of the base metal and that this 
temperature should be the anchor point of 1.0 for the weld joint strength reduction factors.  In cases where 
creep data is insufficient, the method of obtaining the temperature dependence of the weld joint strength 
reduction factor should be as indicated in B31.3 (Process Piping of ASME Pressure Piping, B31) 302.3.5(e) 
(namely, taking 510  as 1.0 and 815  as 0.5, and joining these points with a straight line), and then obtaining 
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factor w for each specific temperature through parallel sifting of this line.  This factor w is used only for the 
design of pressure parts, and is not applied to secondary stresses (thermal stress, etc.).   
Table 2. Weld joint strength reduction factors for CSEF steels specified in ASME Section I. 
PG-26 Weld Strength reduction Factors to be Applied When Max. Allowable Working Pressure or Min.Req. Thickness of Components 
Fabricated with a Long. Seam Weld. 
Temperature 
(°F) 
800 850 900 950 1000 1050 1100 1150 1200 
Temperature  
(°C) 
427 454 482 510 538 566 593 621 649 
CrMo 1.00 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64 
CSEF (N+T) - - - 1.00 0.95 0.91 0.86 0.82 0.77 
CSEF 
(subcrit.) 
- - 1.00 0.50 0.50 0.50 0.50 0.50 0.50 
 
GENERAL NOTE: Nothing in this table shall be construed to permit materials that are not permitted by Pg-5 through PG-9 of this Section 
or to permit use of materials at temperatures beyond limitations established by this Section. Several materials covered by this table are 
currently permitted for Section I application only via code case. 
Discussion over weld joint strength reduction factors in ASME Code committees was initiated in February 
2007, and specific values were decided over the course of the ensuing year, finally being published as Addenda 
in July 2008.  Table 2 shows the newly issued reduction factors from Section I, PG-26.  Although values are 
also given in the code for austenitic steels, only those for CrMo and CSEF steels are shown here.  Factors are 
presented for CSEF where normalizing and tempering are undertaken after welding, as well as for cases in 
which only stress relief annealing (subcritical post weld heat treatment) is conducted.  Such values are not 
based on creep rupture data, but rather are established on the safety side by the ASME Code committees, 
having deemed that the available creep data is insufficient (meaning that aspects such as specimen shape and 
size dependency within the data used for creep strength evaluation of welded joint have not been clarified, and 
that further consideration is needed with respect to the evaluation of data for standard test specimens, similar to 
base metal).   
3.5. Rules for cold forming 
Because cold forming such as tube bending dramatically reduces the creep rupture strength of austenitic 
steels, resolution heat treatment after cold forming is required for recovery of creep strength.  This is specified 
in Section I, PG-19 of the ASME Code, having been developed after an investigation of reference data about 15 
years ago.  It has been confirmed experimentally that CSEF steels are also subject to creep strength reduction 
due to cold forming processes, in a manner similar to austenitic steels.  At present, then, in the form of PG-20, 
rules for post forming heat treatment is being developed for Gr.91 and Gr.92, and also CC 2199-5 for Gr.23.  
Here, the critical cold forming ratio values are almost the same as for austenitic steels, although in cases where 
the forming ratio is small, it is acceptable to use only post-forming heat treatment (stress relief annealing, 
which is not applicable to austenitic steeels), instead of the normalizing and tempering processes employed 
during material manufacture.  Fig. 7 [12] shows some of the data used as a basis for creating the rules.  
Standard creep rupture data is generally produced by material manufacturers for their products, but it is also 
necessary to acquire the data for cold formed materials for the purposes of design and fabrication rules.  It 
should be noted that the mechanism underlying the reduction of creep strength due to strain induced by the cold 
forming of CSEF steels is not well understood, and that further research is needed in this area. 
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Fig.7. Creep rupture properties of cold formed Gr. 91 and Gr.23. 
3.6. Hardness 
The structure of CSEF steels is tempered martensite for 9-12%Cr steels (Gr. 91, 92, 911 and 122), and 
tempered bainite for 2.25%Cr steels (Gr. 23 and 24).  The hardness of these steels is known to change in 
conjunction with the state of material conditions, and hardness measurement is used in actual plants to judge 
whether material states are acceptable.  As presented in Figs. 8 [13] and 9 [14], hardness and creep strength are 
well-correlated.  Hardness of above approx. HV195 represents entry into the minimum bound of creep rupture 
strength, while values of HV175 and under are confirmed to be associated with substantial creep strength 
reduction.  Also, changes in hardness, as indicated in Fig. 10 [11], are well-correlated with creep life fraction, 
and remaining life can be estimated from hardness values.  In the case of CSEF steels, for which creep life and 
material conditions cannot be evaluated by means of optical microscopic structure (replication method), 
hardness can be expected to provide an effective index for non-destructive assessment method for material 
conditions. 
 
 
Fig.8. Effect of hardness on creep rupture strength of Gr.91. 
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Fig. 9. Creep rupture strength of softened Gr.91. Fig.10. Relation between hardness and creep life fraction. 
In order to ensure satisfactory ductility and toughness, ASME Code indicates maximum hardness as HV265, 
while minimum values (with respect to material degradation at the stand point of quality control) are not yet 
currently specified in Section I PG-5.6 as rules for mitigation.  However, the committee has been discussing 
this item for several years to propose HRW190 (HV196) so as to avoid the use of materials with unacceptably 
low creep strength (although not guaranteeing satisfactory creep strength).  
4. Summary 
ASME Code committees have actively discussing about the materials issues on CSEF steels at Sub-group on 
Strength of Ferrous Alloys, Subgroup on Strength of Weldment and Task-group on CSEF steels which was 
started in 2004.  In order to utilize CSEF steels safely, which are more sensitive than conventional steels in 
terms of chemical composition, heat cycles and strain cycles during the manufacturing and fabrication, latest 
research results and materials technologies have been incorporated in the flexible development of codes so as to 
reconsider allowable stresses with respect to long-term creep data, make improvements in chemical 
compositions considered suitable in terms of effects on elevated-temperature and heat treatment properties, 
provide manufacturing and fabrication specification for CSEF steels with revised heat treatment and 
inappropriate heating conditions during fabrication, provide weld joint strength reduction factors in response to 
Type IV creep failure, and provide post forming heat treatment conditions.  Discussion over the revision made 
in these codes and technologies was undertaken in open meetings, and various topics were introduced as 
necessary for consideration from the perspective of materials science and engineering. 
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